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METHOD FOR ASSEMBLING HARDWARE 
COMPONENTS IN A COMPUTER SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATION 
5 This patent application is a continuation of Application No. 09/443,806, filed 

November 19, 1999, which is incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

10 The invention relates generally to the manufacture or assembly of computer systems 

and, more particularly, to a method for determining a suitable location for the installation of 
hardware components of a computer system during the manufacture and assembly of the computer 
system. 
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BACKGROUND OF THE INVENTION 



During the manufacture of a computer system, the computer system may be 
configured to fit the needs of the customer or user of the computer system. Customization of a 
5 computer system often occurs through the addition of hardware or software components selected by 
the user to be added to the computer system. One computer system manufacturing model that 
permits customization is the build-to-order manufacturing model, in which the user is permitted to 
specify the details of the computer system to be manufactured, and the computer system is 
manufactured following receipt of the customer's order. In a build-to-order manufacturing process, 

10 the customer is able to select the hardware and software components that are to be included in the 
customer's computer system. The hardware components that may be selected by the customer for 
installation in the computer system include, for example, expansion cards, controllers, modems, 
network cards, and memory cards, among other available hardware components. 

Because of the number of hardware components that are available for installation in a 

15 computer system during the manufacture of the computer system, the integration of the selected 
components in the computer system is critical to the manufacturing process. The integration of the 
hardware components comprises at least two goals. First, the selected hardware components must 
each function as intended when installed in the computer system, and, second, the selected hardware 
component must function with other components. Incompatibility or inoperability problems may 

20 occur if hardware components selected by the customer are improperly installed or conflict with one 
another following installation. Because of the possibility that some hardware components will not 
function when installed with other hardware components and because of the possibility that some 
hardware components will only work when installed in certain locations in the computer system, the 
manufacturers of computer systems and hardware components have developed an extensive and 

25 complex set of rules for the configuration of the numerous hardware components available for 
installation in a computer system. 

In view of the variety of hardware components available for installation in a computer 
system, computer systems are becoming more difficult to manufacture in a build-to-order 
environment. Along with each hardware component that is available for installation in a computer 
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system comes a complex set of rules regarding the installation of the component. Assigning a set of 
installation rules to each hardware component available for installation has become known as the 
rules-based approach to the configuration of computer systems. Despite knowledge of the 
configuration rules associated with each component slated to be installed in a computer system, it 
5 has proved difficult for computer system manufacturers to follow a set of complex configuration 
rules for the placement or installation of each of these numerous components available for 
installation. Configuration rules for installing a certain hardware component may directly conflict 
with configuration rules for installing one or more other hardware components. The configuration 
rules themselves may be unyielding. The improper placement or installation of a hardware 

10 component can cause a computer system to function improperly or operate at less than its optimum 
performance. Conflicts often occur because two or more hardware components are competing for 
the same resources in the computer system. 

The rules for installing a certain hardware component may also vary from computer 
system to computer system. As such, the rules for installing a particular component may be different 

15 depending on the characteristics of the computer system being manufactured. Computer 
manufacturers have therefore had to learn all the variations of the configuration rules for each 
computer system being manufactured. Moreover, the configuration rules may differ for a given 
hardware component depending on the identity of any additional components that are slated to be 
installed in the computer system. 

20 In addition to learning the various configuration rules, in many instances, computer 

system manufacturers have also had to learn exceptions to the rules. Exceptions to the configuration 
rules for a given hardware component may exist because of discovered incompatibilities between 
certain hardware components and certain computer systems. Other exceptions may arise because of 
discovered bugs or defects in the hardware component or computer system. These exceptions are 

25 often discovered by computer manufacturers through trial and error. 

The configuration rules and their exceptions are not static, however. The universe of 
rules and instructions for a computer system is always changing. With each new hardware 
component that is introduced into the sales market by a hardware component manufacturer, 
configurations rules and exceptions are also introduced. The rules and exceptions for a given 
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hardware component are often updated to ensure the proper configuration and operation of the 
hardware component and the computer systems containing the hardware component. Because of the 
frequency of rule changes, maintaining a current set of the configuration rules and exceptions is 
difficult. 

5 Many of the hardware components to be installed within a computer system come 

with configuration rules in the form of electronic work instructions (EWIs). The EWIs detail how 
the hardware component should be configured. However, it is often difficult for computer builders 
to follow the complex set rules contained in EWIs because the EWIs often describe configuration in 
generic terms and are not tailored to the computer system being manufactured. As such, valuable 

10 time is being wasted by manufacturers on troubleshooting while computer system manufacturers 
attempt to install and configure computer system components on the basis of generic EWIs and trial 
and error. This process is problematic in a build-to-order environment, where computer 
manufacturers often manufacture a computer system that includes a configuration of components 
that has not been extensively tested by the computer manufacturer. In such an environment, generic 

15 EWIs are not sufficient, and the trial and error method wastes time, money, and resources. 

Instead of a rules based approach for configuring hardware components during the 
manufacture of computer systems, some computer system manufacturers configure hardware 
components according to a constraint-based approach. In such a constraint-based configuration 
system, the manufacturer employs dependent variables that are linked to or associated with certain 

20 hardware components. For example, if the manufactured computer system is to have component Y, 
then component X must also be installed in the computer system. Thus, the requirement that the 
computer system use component X is a constraint on the use of component Y. The constraint-based 
approach is problematic in that some computer systems will not allow the computer manufacturer to 
manufacture a computer system that corresponds to the configuration mandated by the constraints. 

25 Further, the constraint-based approach does little to instruct the user as to the proper installation 
location for the selected hardware components. Instead, the constraints simply identify the 
collection of components that are required to be installed to accommodate other components. 

Other computer system manufacturers have employed a functional approach to the 
configuration of hardware components in a computer system. According to the functional approach, 
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the configuration of hardware components in the computer system is determined by the purpose or 
function to be performed by the hardware components. The functional approach, however, does not 
determine the physical location for the installation of the devices. Rather, the functional approach 
only defines the functions of the various hardware components. 
5 Computer manufacturers have also attempted to combine the constraint-based and 

functional approaches to define a hardware configuration that is logical and generates a hardware 
relationship between hardware components and their physical location. The combination of the 
constraint-based approach and functional approach attempts to define a hardware configuration by 
defining the functions of the components and the constraints on the identity of components in the 

10 computer system. This approach, however, is problematic in that it does not identify a suitable 
location for the placement of each hardware component within the computer system. 

Other computer manufacturers that have attempted a trial and error approach to 
hardware configuration have focused their analysis on such variables as the frequency of interrupt 
requests, direct memory address accesses, and BIOS calls. The trial and error techniques often 

15 involve an analysis of the BIOS manufacture and revision for each affected computer system. 
However, the trial and error techniques have often not included consideration of the firmware 
revision of selected hardware components of the computer system and the maimer in which the 
firmware revisions affect the compatibility of hardware components within the computer system. 
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SUMMARY OF THE INVENTION 

In accordance with teachings of the present invention, a system and method for 
manufacturing a computer system is disclosed that provides significant advantages over prior 
5 manufacturing techniques. The disclosed embodiments permit the manufacture of a computer 
system in a manner that insures the compatibility of the hardware components of the computer 
system. 

According to the manufacturing process, a customer order is received and an 
architecture resource file is created. The architecture resource file identifies the base architecture of 

10 the computer system and the hardware components of the computer system, including the custom 
hardware components selected by the user for installation in the computer system. A hardware 
verification program is executed. The hardware verification program evaluates the compatibility of 
the hardware components. In evaluating the compatibility of each hardware component, the 
hardware verification program selects an installation location in the computer system for the 

15 hardware component. The hardware verification program selects successive hardware components 
and associated installation locations, determining after each selection whether the hardware 
component is compatible. Compatibility is judged by evaluating compatibility between each 
hardware component and the base architecture of the computer system and between each hardware 
component and all other hardware components to be installed in the computer system. Once each 

20 hardware component has been determined to be compatible and an installation location has been 
identified for each component, the hardware verification program transmits to a set of installation 
instructions and a graphical representation of the installation location of each hardware component 
in the computer system. 

One technical advantage of the manufacturing process described is the ability to 

25 evaluate the compatibility of computers system in a build-to-order manufacturing environment, 
where a multitude of possible computer system configurations are available for order by the 
customer. The manufacturing process described can determine the compatibility of a set of 
hardware components. In this manner, it is not necessary to pre-test each possible hardware 
configuration that could result from a customer order placed in a build-to-order manufacturing 
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environment. Rather, the compatibility of the set of hardware components selected for installation in 
the computer system is determined after the order is received. 

Another technical advantage of the present invention is an evaluation process that 
produces for the computer manufacturer a graphical representation of the installation locations of the 
5 hardware components in the computer system. In this manner, manufacturing personnel on the 
manufacturing floor receive, along with the kit of computer system parts to be installed, a graphical 
diagram of the installation sites of each hardware component in the system. The use of a graphical 
representation also permits the computer manufacturer to verify that the hardware components of the 
customer order correspond to the hardware components of the graphical representation, and that each 
10 in turn corresponds to the hardware components included for manufacture in the computer system. 

Other technical advantages will be apparent to those of ordinary skill in the art in 
view of the following specification, claims, and drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a pictorial view of a computer system; 

Figure 2 is a flow diagram of a method for evaluating a proposed hardware 

5 configuration; 

Figure 3 is a representation of a display screen that includes instructions concerning 
the hardware components to be installed in the computer system; and 

Figure 4 is a representation of a graphical display that depicts a placement of 
hardware components in a computer system. 
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DETAILED DESCRIPTION OF THE INVENTION 



The computer system 100 of Figure 1 includes a case 105, a graphical display unit or 
monitor 1 10, a keyboard 115, and a mouse 120. The case 105 houses much of the hardware of the 
5 computer system. Housed within case 105 is the motherboard of the computer system and all the 
components that reside on the motherboard, including the microprocessor, related chip sets, memory, 
cards, and all other hardware components that are coupled to the motherboard. 

Shown in Figure 2 is a flow diagram of the manufacturing process described herein. 
At step 202, the computer manufacturer receives an order from a customer for a computer system. 

10 In the order, the customer specifies the particular hardware and software requirements of the 
computer system. A computer manufacturing system of this type is known as a build-to-order 
manufacturing system. In a build-to-order manufacturing environment, the customer is permitted to 
specify the precise hardware and software requirements of the system, and the system is 
manufactured following the customer's order to the customer's specifications. In terms of software 

15 requirements, the customer may specify the operating system and the software applications to be 
installed in the computer system. In terms of hardware requirements, the customer may specify the 
base architecture of the computer system, including the processor type, chip set and bus architecture, 
and motherboard. The customer may also specify numerous other hardware variables for the 
computer system, including the size of the hard drive, the amount of installed memory, and the 

20 amount of cache memory. The customer may also order other hardware components for installation 
in the computer system, including the installation of certain modem hardware, graphics cards, 
network interface cards, or expansion cards. The customer may also specify the type of input and 
output devices to be included in the computer system, including an identification of the CD-ROM 
drive, DVD player, mouse, keyboard, and monitor to be included in the computer system. 

25 Following the receipt of the order from the computer manufacturer, the computer 

manufacturer builds an architecture resource file at step 204 from the customer order. The 
architecture resource file identifies the computer architecture of the computer system that was 
ordered by the customer, including an identification of the base architecture and other hardware 
components and feature selected by the customer. Each of the custom hardware and software 
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components that are to be installed in the computer system is identified in the architecture resource 
file. The custom hardware components ordered by the customer may include some combination of 
expansion cards, memory cards, controller cards, graphics cards, network interface cards, and other 
customizable hardware components. The architecture resource file will also identify the serial 
5 number of the computer system to be manufactured and the part number for each of the custom 
hardware components to be installed. The serial number, sometimes referred to as a service mark 
number, is generated by the computer manufacturer at the time the computer system is ordered by 
the customer and is included in the architecture resource file. In this manner, each architecture 
resource file is unique and is associated with a unique computer system and unique customer order. 

10 In step 208, the computer manufacturer runs a hardware architecture verification 

program. The function of the hardware verification program is to evaluate the operability and 
compatibility of the custom hardware components of the computer system ordered by the customer. 
The hardware verification program will evaluate whether the custom hardware components ordered 
by the customer will operate with the processor and chip set architecture selected by the user. The 

15 hardware verification program will also evaluate whether the custom hardware components ordered 
by the customer will be compatible with one another. Finally, the hardware verification program 
will identify an installation location on the motherboard or computer system for each custom 
hardware component ordered by the customer. 

The inputs to the hardware verification program are the identification numbers or 

20 codes for the hardware components identified in the architecture resource file. In operation, the 
hardware verification program is able to access a data set of rules and specifications for each 
hardware component that is identified in the architecture resource file. The data set of rules and 
specifications identifies the operational limitations of each component, including operational 
limitations that concern the hardware component's compatibility with the base architecture of the 

25 computer system and operational limitations that concern the hardware component's compatibility 
with other hardware components that have been selected by the customer for installation in the 
computer system. The hardware verification program will also access a data set of rules and 
specifications for the base architecture of the computer system. The data set of rules and 
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specifications for the base architecture identifies limitations on the ability of the base architecture to 
function with certain hardware components. 

With respect to the data set of rules and specifications for individual hardware 
components, the data set will identify any limitations on the installation location of each hardware 
5 component. For example, it may be the case that a certain hardware component, such as a network 
interface card or a server interface card, may only be installed in a given slot for certain models of 
motherboard or processor. As another example, for some cards, the data set will identify the number 
of pins on the card and the corresponding number of pins that must be present in the slot that is to 
receive the card to take advantage of the full functionality of the card. The data set of rules and 

10 specifications for individual hardware components will also identify any incompatibility limitations 
between hardware components. As an example, the data set may specify that a memory card may 
function improperly when installed in the same computer system as a certain network interface card. 
The data set of rules and specifications will also identify the firmware revision of the hardware 
components, the compatibility of the selected hardware component with basic input/output system 

15 (BIOS) revisions, and the interrupt type expected by the selected hardware component. The data set 
of rules and specifications will also identify hardware components that must be installed if certain 
other hardware is installed in the computer system. As an example, if the customer orders a SCSI 
device, the data set will specify the necessary SCSI hardware that must also be installed in the 
computer system. 

20 In operation, the hardware verification program searches the architecture resource file 

for an identification of the base architecture of the computer system and a listing of the custom 
hardware components ordered by the customer. As described above, the hardware components that 
may be ordered by a customer for installation in a computer system include option cards, controller 
cards, modems, graphics cards, network interface cards, hard drive controllers, RAID controllers, 

25 server management cards, ISDN cards, serial port cards, parallel port cards, redundant power 
supplies, and memory modules, including single in-line memory modules (SIMMs) and dual in-line 
memory modules (DMMs). 

As a first step in the hardware verification program, the program determines whether 
the computer system ordered by the customer includes too many hardware components to be 
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supported by the base architecture of the computer system. A second step in the hardware 
verification program is the determination of a location for the installation of certain selected 
hardware components. Using the data set of rules and specifications for each hardware component 
and the base architecture of the computer system, the hardware verification program identifies a 
5 " suitable location for each hardware component in the available slots, ports, and locations of the 
motherboard and computer system. For each hardware component, the installation location 
determined by the hardware verification program will be one in which the hardware component may 
be installed and function properly with the base architecture and with the other components of the 
computer system. 

10 The custom hardware components of the computer system are assigned installation 

locations by the hardware verification program in a serial manner. As part of the hardware 
verification of step 208, the hardware verification begins by attempting to assign an installation 
location to the hardware component having the most operational limitations. At step 210, it is 
determined whether the hardware verification program was able to identify a compatible installation 

15 location for the selected hardware component. If the selected component was assigned to a 
compatible installation location, the hardware verification program evaluates at step 212 whether all 
hardware components have been assigned an installation location. If any of the selected hardware 
components remain unassigned to an installation location, the hardware verification program 
continues to execute at step 208 to identify a location for the next of the unassigned hardware 

20 components. 

If a hardware component is assigned to an incompatible location at step 208, it is 
determined at step 214 whether all possible configurations have been exhausted. If all possible 
hardware configurations have not been exhausted, processing will continue at step 208, where the 
unassigned hardware component will be assigned to another installation location. If all installation 
25 locations have been determined to be incompatible for a selected hardware component, the hardware 
verification program at step 208 will reassign installation locations for all hardware components, 
giving first priority to the hardware component not yet assigned. In this manner, the previously 
unassigned hardware component will be the first hardware component assigned an installation 
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location. Following the identification of a compatible installation location for the hardware 
component, processing will continue with respect to the remainder of the hardware components. 

If an incompatible hardware component is identified by the hardware verification test 
and once the hardware verification test has exhausted all possible installation configurations for the 
5 incompatible hardware component, the program will transmit an incompatibility message at step 
216. The incompatibility message will identify the incompatible hardware component. The 
message may identify the reason for the incompatibility or provide options for resolving the 
incompatibility. As an example, the program may identify the cause of the incompatibility as the 
inability of selected hardware components to function together in the same computer system. The 

1 0 hardware verification program will terminate at step 218. 

Once all hardware components have been assigned a compatible installation location, 
the program will generate a set of written installation instructions at step 222. The written 
instructions will identify where selected hardware components are to be installed in the computer 
system. An example of the written instructions of step 222 are shown in Figure 3. The screen 

1 5 display 302 of the written instructions includes an identification of the part number of each hardware 
component to be installed and the location, slot, or port for installation. The written instructions may 
also include warnings or cautionary statements about the operation or installation of certain 
hardware components. 

At step 224, the hardware verification program generates a graphical representation of 

20 the installation locations for the hardware components of the computer system. An example of the 
graphical representation of the installation locations is shown in the sample screen display 402 of 
Figure 4. In the graphical representation, each hardware component is identified by its part number 
and its assigned installation location in the computer system. The installation locations are 
represented by rectangles or other symbols and roughly approximate the installation sites in the 

25 motherboard or computer system. The graphical representation also acts as a quality check during 
the manufacturing process. During manufacture, the graphical representation and the written 
instructions will be provided to the computer assembly personnel on the manufacturing floor. By 
referencing the written instructions or the graphical representation 402, the personnel on the 
manufacturing floor can evaluate whether there is a discrepancy between the customer order, the 

HOU03.927123 



ATTORNEY'S DOCKET PATENT APPLICATION 

016295.1485 

(DC-01964) 

14 

hardware components collected for installation, and the parts identified in the written instructions 
and graphical representation. The personnel on the manufacturing floor can also evaluate whether 
the installation sites on the motherboard and computer system match those shown on the graphical 
representation. The personnel on the manufacturing floor then assemble the hardware components 
5 according to the written instructions and the graphical representation of installation sites for 
hardware components. 

Although the present invention has been described in detail, it should be understood 
that various changes, substitutions and alterations can be made thereto without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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